
National Geodetic Survey –

a Geodetic Update

William Stone
National Geodetic Survey

william.stone@noaa.gov ~ 505-277-3622 x252

April 23, 2008
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•Height Modernization Program
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Presentation Topics



National Spatial Reference System (NSRS)

• Latitude 
• Longitude 
• Height 
• Scale 
• Gravity
• Orientation



NAVD 88GEOID03

HARNCORS

National Spatial Reference System



36 33 42.15986 N      105 12 15.67754 W

1855.973 m

(NAD83/NAVD88)



36 33 42.15986 N    105 12 15.67754 W
ellipsoid ht. 1857.765 m

orthometric ht. 1876.145 m
(NAD83(NSRS2007)/NAVD88)



Continuously Operating Reference Stations 
(CORS)



1,339 CORS Sites – April, 2008



UNAVCO-PBO
P009
P012
P057
P086
P089
P105
P121
P122
RBUT

FAA
ZLC1

USCG
MYT1

NOAA-GSD
SLCU

Salt Lake County
MIDV

Carbon County
PUC1

Weber County
SASU

Transit Instrs.
(COOP) UT01



www.ngs.noaa.gov/CORS/
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CORS 60-Day Plot



Plate Boundary Observatory



The Utah Reference Network GPS (TURN GPS)





Online Positioning User Service
(OPUS)



•Submit GPS data to OPUS Web site
•Processed automatically on NGS computers
•Uses 3 CORS; up to 9 CORS (OPUS-RS) 
•Solution via email - in minutes
•Fast, easy, consistent access to NSRS –

“Datasheet of the Future” (Peter Lazio) 

Online Positioning User Service
(OPUS)



e-mail

observation 
file

antenna type 

antenna 
height 

options

OPUS
(2 hr)

OPUS-RS
(15 min)



• Ionospheric-free solution

• Tropospheric scale height adjusted

• Fixed ambiguities

• Average of 3-9 unique CORS ties

• ITRF & NAD83 coordinates/errors

How are OPUS Positions Computed?

+

CORS A

CORS B

CORS C





•NAD83 & ITRF solutions – X,Y,Z  &  lat/long/height
•Orthometric height – derived from geoid model
•Error estimates 



•NAD83 UTM & SPCS:
•Easting/Northing
•Convergence
•Point scale factor
•Combined scale factor
(SPC in feet may be available in Extended Output)

•US National Grid Designator













GPS data observation log description formphoto(s)

NGS website:

OPUS-DB

DATASHEET

• streamlined method for users to publish their results
• user registration –ID/password & validation process
• submission review by user and NGS

OPUS-Database (OPUS-DB)

Coming Soon!



OPUS-Projects
• project planning / monitoring
• automated file management
• review repeat measurements
• network adjustment 
• publish in NGS database

Under 
Construction



GIS & 
Mapping

New Opportunities for 
Surveyors

• range solutions
• single frequency observations
• kinematic trajectories computed 
• accuracy appropriate for mapping/GIS
• generate shapefiles

OPUS-Mapper

Under 
Construction



• Original NAD83 Adjustment
nationwide
1986

• High Accuracy Reference Networks 
state-by-state
1987-1997

• Height Modernization / Federal Base Network
state-by-state
1997-2003
CORS ties

NAD83 Evolution - 2007 Readjustment



The National NAD83 Readjustment

• Completed February 10, 2007 (NGS’ 200th birthday)
• CORS provided the control/constraints
• Federal/Coop Base Networks (HARN) tied to CORS 
• User Densification Network tied to HARN

GPS projects only – > 300,000 vectors
>   67,000 stations

CORS

HARN

UDN



NAD83 Readjustment

NAD83 (2007)NAD83 (2007)
nationwide

NAD83(1994)

NAD83(1992)

NAD83(1992)
NAD83(1997)

NAD83(1993)
NAD83(1995)

NAD83(1992)



NAD83 Readjustment Coordinate Shifts
NAD83(2007) – NAD83(HARN)[UT-1994]

UTAH: 310 stations
H shift: max = 6.9cm, avg = 3.0cm
V shift: max = 15.9cm, avg = 1.9cm



NAD83(2007) Datasheet



NAD83(2007) Datasheet



Height Modernization is …

establishment of accurate, reliable elevations using:

– GPS technology 
– conventional surveying (differential leveling)
– gravity measurements
– remote sensing (LiDAR)



differential leveling

GPS + …

Height
Modernization

-faster
-cheaper
-as good



Height Modernization is …

• Technical
– standards & specifications
– geodetic infrastructure
– height modernization projects

• Organizational
– stakeholders
– federal funding/grants for state activities
– program/project management
– education



Height Modernization Benefits

• BETTER ELEVATION DATA SUPPORTS:  
– Surveying
– GIS/Mapping
– LiDAR Surface Generation, Terrain Modeling
– Floodplain Management
– Construction
– Engineering
– Public Safety
– Research
– Aeronautical Navigation/Charting
– Most Elevation Requirements

VERTICAL  CONTROL



FEMA’s MAP Modernization • Flood Insurance Risk Maps
• Elevation Certificates 
• High Water Marks 
• Dam Safety
• Flood Mitigation
• Drainage Planning
• Structure Repair

Height Modernization is a key part of …



Height Modernization Appropriations
(FY01-FY07)

CA, NC, WI, MS, 
AL, SC, TX, KY, AZ

$9.9 MFY 2006

CA, NC, LA, WI, MS, 
AL, WA, TX, KY

$9.6 MFY 2005

CA, NC, LA, WI, MS, 
AL, WA, SC

$9.0 MFY 2004

CA, NC, LA, WI, MS$3.75 MFY 2003

CA, NC, WI, MS, 
AL, SC, TX, KY, AZ

$9.9 MFY 2007

CA, NC, LA, WI$3.75 MFY 2002

CA, NC$2.25 MFY 2001

StatesAppropriations Fiscal Year

B A C K G R O U N D



Height Modernization 
Implementation Regions



Dominant Height Systems in the USA 

• Orthometric
– Colloquially, but incorrectly, called 

“height above mean sea level”
– On most topographic maps
– Is a >99% successful method to tell which way 

water will flow

• Ellipsoid
– Almost exclusively from GPS
– Won’t tell water flow / floodplains

• Dynamic
– Directly proportional to potential energy: 

always tells which way water will flow
– Dynamic heights are not lengths!

Requires
Gravity

Requires
Gravity



GRAV-D Project:
Gravity for the Redefinition 

of the 
American Vertical Datum

• NGS policy adopted 
Nov 14, 2007
– $38.5M over 10 

years

• Airborne Gravity 
Snapshot

• Absolute Gravity 
Tracking

• Re-define the Vertical 
Datum of the USA by 
2018 



Proposed GRAV-D Flight Pattern

• 10 km flight line spacing

• 40 km cross tracks

• 325 kt flight speed

• 35,000 ft flight altitude



Monitor Gravity (“Low Resolution Movie”)

•Measure gravity at each point, annually

•Model gravity changes over time

•Convert to geoid changes over time

•Use with CORS to get orthometric height changes over time





National Spatial Reference System

latitudelatitude

scalescale

gravitygravity

orientationorientation

longitudelongitude

heightheight

NSRSNSRS

*must be more accurate 
than activities which build 
upon it, while still being 

practically achievable

& time variations



Achieving the Vision: 1 – Geometric Datum 

• replace NAD83 with new geometric datum – by 2018

• coordinates & velocities in US datum and ITRF; provide relationships

• CORS-based, via GNSS

• lat/long/height of defining points accurate to 1 mm, anytime

• 3-D coordinates of GNSS S/Vs @ 1 cm, anytime (<1 cm, after 1 week)

• passive control monuments tied to new datum 

» but not a component of new datum

• CORS – 2 tiers: foundation (few) & all others (many)

• CORS coordinates computed & published daily – track changes with time

• modernize CORS sites and access tools as GNSS evolves

• support development of real-time networks

• address user needs of datum coordinate stability and accuracy



Achieving the Vision: 2 – Geopotential Datum 

• replace NAVD88 with new geopotential datum – by 2018

• gravimetric geoid-based

• prove that 1 cm geoid is achievable (or why not)

• produce most accurate continental, gravimetric geoid model 

• determine gravity with accuracy of 10 microGals

• North Pole to Equator; Attu Island to Newfoundland

• monitor time-varying nature of gravity field

• support both orthometric and dynamic heights

• develop transformation tools to relate to NAVD88



NAD83 State Plane Legislation

International Foot = .3048 meters
US Survey Foot = 1200/3937 meters

Letters of Request from:

• UT Council of Land Surveyors
• UT Department of Transportation 
• UT Automated Geographic Reference Center



The “Scorecard” –
Government Performance & Results Act (GPRA)

• % of US counties rated as fully enabled or substantially enabled

with accurate positioning capacity




